Objective: Premature menopause is a known risk factor for osteoporosis, whilst the influence of type 2 diabetes on bone mineral density (BMD) is still controversial. Design and methods: BMD values assessed by dual-energy X-ray absorptiometry (DXA) in L2-L4 vertebrae and the femoral neck (FN) of 40 diabetic women with premature menopause (D-EMP) were compared with those of 60 non-diabetic, prematurely menopausal women (EMP) and 60 diabetic women with normal menopause (D-NMP) who had been matched by age and body mass index (BMI). In all women, the time elapsed since menopause ranged between 10 and 25 years and the duration of diabetes exceeded 75% of the postmenopausal time period. The age of D-EMP women was 58.7^5 years (mean^1 S.D.), age at menopause 39.5^2.7, years since menopause 18.6^4.9, BMI 27.8^4.3 kg/m 2 and duration of diabetes 13.9^3.9 years. 
Introduction
Osteoporosis is a silent epidemic that constitutes a great socio-economic problem, with a negative impact both on morbidity and mortality. Hip fracture is associated with a 12% increase in mortality rate over the subsequent first year. Studies on bone mineral density (BMD) in diabetic patients have given inconsistent results. More specifically, type 2 diabetes has been reported to be associated with decreased (1), unchanged (2, 3) or increased (4) BMD values. The issue is further complicated when it is taken into consideration that the incidence of fractures representing the clinical outcome of osteoporosis were found to be either increased (5, 6) , unchanged (7) or decreased (4) in type 2 diabetics compared with non-diabetic persons.
Bone loss in either osteopenia or osteoporosis is multifaceted, with age and ovarian function being the crucial factors, although race, heredity and life-style also contribute (8 -11) . Bone mass status after menopause generally depends on the composition and the degree of mechanical loading. The loss of bone mass is accelerated after the cessation of ovarian secretion and its magnitude depends on the type and time of menopause (11 -14) . Premature menopause, either spontaneous or surgical due to bilateral oophorectomy, represents an established risk factor for osteoporosis and is associated with an increased frequency of hip fractures (15) .
Type 1 and type 2 diabetes, as two distinct entities of different pathogenesis, exert a non-uniform influence on bone metabolism. In both cases, a lack of correlation of biochemical and densitometry parameters to the degree of glucose control has often been demonstrated.
In the past, various studies have illustrated a positive effect of type 2 diabetes on bone mass (16) (17) (18) and in an attempt to explain this finding, investigators proposed specific pathophysiological mechanisms such as obesity, hyperinsulinaemia (16) , or increased concentrations of growth factors (insulin-like growth factors (IGFs)) (17) . Up to now, studies that have addressed the influence of type 2 diabetes on the bone metabolism of postmenopausal women have mainly dealt with normal menopause. Premature menopause has been reported as being associated with type 1 diabetes (19) , although such an association has not been verified regarding type 2 diabetes (20) . The investigation of the combination of type 2 diabetes exerting a controversial, independent effect and premature menopause having a known, negative effect on bone metabolism might yield important findings.
In the present study, we investigated the BMD status of diabetic women with premature menopause, well in advance of their menopausal age. This was compared with the same status of diabetic women after normal menopause and with non-diabetic women with spontaneous menopause. Our comparison dealt with two anatomic areas of different bone composition, the vertebrae (mainly trabecular) and the femoral neck (mixed trabecular -cortical).
Subjects and methods

Subjects
Diabetic postmenopausal women and non-diabetic, prematurely postmenopausal women are routinely screened for osteoporosis in our Outpatient Clinic for Metabolic Bone Diseases. The diabetic population were derived from the Diabetes Outpatient Clinic belonging to our department. From an initial population of 550 postmenopausal women with type 2 diabetes, 40 premature postmenopausal women were identified and studied (D-EMP). Two other groups, featuring 60 non-diabetic women with premature menopause (EMP) and 60 type 2 diabetic women after normal menopause (D-NMP), were matched by age, body mass index (BMI), and glycosylated haemoglobin (HbA 1c ) levels with the D-EMP women, and served as control groups. Exclusion criteria for all women were the presence of any disease or use of medication (including hormone replacement therapy) that has a known influence on bone metabolism, an inadequate calcium intake (less than 600 mg daily) and restricted daily activity. All information was obtained using a standard questionnaire routinely completed by all subjects examined in our clinic. The presence of late diabetic complications, apart from mild retinopathy, also precluded participation in this study. The cut-off age used for the definition of premature menopause was 42 years, selected on the basis of 2 standard deviations below the average age of menopause of the Hellenic female population (21) . For the categorisation of women in the premature menopausal groups (either diabetic or non-diabetic), we relied on self-reported ages of menopause. The period of time that had elapsed since menopause in all the women selected ranged between 10 and 25 years. The duration of diabetes in all diabetic women exceeded 3/4 of the postmenopausal time period. Among the 40 D-EMP women, in 5 of them diabetes was diagnosed before or during the perimenopausal phase. Upon categorisation, we attempted to combine women in which a similar interval of time had elapsed since menopause into the 2 premature menopausal groups, while all women had a similar chronological age. The anthropometrical characteristics of the women studied are shown in Table 1 . None of the women studied had ever received any type of hormone replacement therapy or any other medication with a known action on bone metabolism. Two D-EMP and 4 D-NMP women never required any medical treatment for the disease except from diet. Among the other 38 D-EMP women, five were receiving metformin, four sulphonylureas, eight metformin plus sulphonylureas, 16 insulin plus metformin and five insulin alone at the time of the study. In the remaining 56 women of the D-NMP group, 10 women were receiving metformin, seven sulphonylureas alone, 13 metformin plus sulphonylureas, 17 insulin plus metformin and nine insulin alone.
Bone density measurements
BMD was measured at the L2 -L4 vertebrae (anteroposterior projection) and femoral neck with dual energy X-ray absorptiometry (DXA), using the Norland XR-26 Mark II densitometer (Norland Scientific Instruments, Fort Atkinson, WI, USA). The in vitro precision by repeated daily spine phantom measurements was 0.7%, while the in vivo precision was 1.4%, established in our laboratory by double measurements of 10 people at weekly intervals (21) . BMD is expressed in g/cm 2 and in age-adjusted values (Z scores). The latter parameter represents the measure of standard deviations from the average age-and sex-matched normal population values. Estimation of the frequency of osteopenia or osteoporosis was based on the T score value, which represents the standard deviations of the individual BMD value from the BMD value of young sex-matched normal people from the Hellenic population (21) . Osteopenia was defined as 2 2.5 , T score , 21, and osteoporosis as T score , 22.5 (WHO criteria) (22) . HbA 1c was measured using an automated HPLC analyser, HA-8140 (Menarini Diagnostics, Kyoto, Japan). Normal values ranged between 3.8 and 5.5%.
X-ray examination
In all subjects, a lateral X-ray examination was carried out on the lumbar spine in order to exclude cases of diffuse inter-vertebral skeletal hyperostosis or degenerative lesions. The same investigator checked all X-rays.
Statistics
Normality of the data was tested according to the Kolmogorov-Smirnov test. Comparisons of absolute BMD values between the D-EMP, D-NMP and the EMP women were carried out according to Student's twotailed t-test and ANOVA. Pearson or Spearman correlation coefficients were calculated as appropriate to assess the type of association between either the duration of diabetes and HbA 1c levels or anthropometrical variables to BMD values. The stepwise multiple regression analysis was used in order to search for the influence of anthropometrical parameters on BMD behaviour. All anthropometrical characteristics, duration of diabetes and HbA 1c levels were tested as explanatory variables, since vertebral and femoral neck BMD values were stated as dependent variables. To compare the frequency of osteopenia and osteoporosis, the chi square equidistribution test was used. A P value of less than 0.05 was considered statistically significant.
Results
D-EMP women exhibited significantly higher vertebral BMD values compared with the EMP women (0.908^0.135 vs 0.817^0.14 g/cm 2 , P ¼ 0.002) whereas there was no significant difference in comparison with the D-NMP women (0.908^0.135 vs 0.886^0.15 g/cm 2 ) (Fig. 1) . In contrast, FN BMD values did not differ significantly amongst the three groups (Fig. 1) . Similar findings were obtained when comparing the BMI-adjusted BMD values of both anatomic sites between the three groups of women (Table 2) . Age-adjusted BMD values (Z scores) did not differ significantly between the D-EMP and D-NMP groups, either in vertebrae or in FN, whereas they were significantly greater in D-EMP compared with EMP women (P ¼ 0.004 for vertebrae and P ¼ 0.01 for FN) ( Table 3) . Based on the vertebral T score values, the proportions of women with osteopenia-osteoporosis were significantly lower in D-EMP compared with EMP women (P , 0.001). Between D-EMP and D-NMP women a trend in favour of the D-EMP group was observed regarding the same proportions (Fig. 2) . The proportions based on FN T scores did not differ significantly between all the groups, although a trend for increased osteopenic -osteoporotic proportions was observed in the EMP group (P ¼ 0.09) (Fig. 3) .
In the D-EMP group, there was no significant correlation between the BMD values of either anatomic area Vertebral BMD values of the EMP were significantly lower than those of the D-EMP groups. and the time period elapsed since menopause (Table 4) . In contrast, a statistically significant inverse correlation was observed between FN BMD and the time since menopause in the EMP and D-NMP women, as well as between vertebral BMD and the time elapsed since menopause in the D-NMP women (Table 4) . BMI and vertebral BMD were positively correlated in both diabetic groups (P , 0.05), whereas vertebral BMD was only positively correlated to HbA 1c in the D-EMP group (P , 0.05).
Applying stepwise multiple regression analysis, in the D-EMP women, glycosylated haemoglobin and chronological age in common explain 68% of the vertebral and 67% of the femoral neck BMD variance. In EMP women, chronological age combined with the number of years since menopause was found to explain 60% of the vertebral BMD variance, whereas age at menopause alone appeared to explain 53% of FN BMD variance. In D-NMP women, BMI and chronological age in common explained 66% of vertebral BMD variance, whereas BMI together with the age at menopause explained 64% of the FN BMD variance. The duration of diabetes was not shown as a participating factor in any of the aforementioned multiple regression models (Table 5 ).
Discussion
Premature menopause constitutes a risk factor for osteoporosis, whereas the influence of type 2 diabetes on bone mass is described by non-uniform findings (2 -4). In several studies, women after spontaneous premature menopause exhibited decreased BMD values of trabecular bone compared with women after normal menopause and of similar age (13 -14) . In an experimental model, additive adverse effects of oestrogen deprivation after oophorectomy combined with a diabetic state have been described (23) . In this context, it was of particular interest to investigate the effect of the co-existence of these two independent conditions on the skeletal metabolism.
In the present study, vertebral and FN BMD values of diabetic women with premature menopause were compared with the respective values of either non-diabetic premature postmenopausal women or diabetic normal postmenopausal women who served as control groups. Based on the aforementioned studies regarding healthy subjects, the rationale of performing both comparisons was to reliably clarify the effect of diabetes on bone mass. We did not include in the study a third control group of postmenopausal non-diabetic women (NMP) since, in contrast to all other groups, NMP women would differ from the studied D-EMP ones in two parameters (diabetes existence and type of menopause), so that the extracted results could not be attributed to AAM, age at menopause; YSM, years elapsed since menopause; NS, not significant. *P , 0.05, **P , 0.01, ***P , 0.001.
diabetes alone. Such an approach might complicate the issue and lead to an irrelevant comparison between D-NMP and NMP. All women were selected with a postmenopausal interval greater than 10 years. Therefore, we were able to observe the effect of diabetes long after the state of high bone turnover that is inherent in the early postmenopausal period.
Vertebral BMD values of diabetic women with premature menopause were significantly greater than those of premature menopausal women but without diabetes. This transpired despite the slightly older mean age of the D-EMP group, suggesting a protective effect of the diabetic state on bone mass status. This is further corroborated by the lack of any significant difference of vertebral BMD between the premature menopausal and the normal menopausal diabetic groups, in contrast to that observed in healthy subjects (13, 24) . Trabecular bone, which is metabolically more active than mixed bone, probably profits to a greater extent from the diabetic state in the premature menopausal woman. In this study, the positive effect of diabetes observed on vertebral bone mass cannot be attributed to obesity (which is known to favour bone mass), since the BMI values between the diabetic and the non-diabetic premature menopausal women did not differ significantly. Cases of diabetic women with diffuse inter-vertebral skeletal hyperostosis were excluded, as this lesion can falsely increase the vertebral BMD measured by DXA.
With regards to the mixed cortical-trabecular bone as found in the femoral neck, no difference in absolute BMD values was observed between the two diabetic groups. This implies that despite the younger age at menopause and the greater interval of time that had elapsed since menopause in the D-EMP women, they did not suffer the expected increased cumulative bone loss. The ageadjusted femoral neck BMD values (Z scores) of D-EMP women were significantly higher than those of EMP women. The slight difference in mean age (almost 1 year) could account for this significant difference in Z score but not in the absolute BMD values of femoral neck between the same groups.
The length of time elapsed since menopause does not appear to negatively affect the bone mass of either type of bone in the women with diabetes and premature menopause, in contrast to the diabetic women with normal menopause and the prematurely menopausal healthy women. In addition, age only seemed to negatively affect the BMD of both anatomic sites in the nondiabetic women. This might imply that in diabetic women with premature menopause, the disturbed carbohydrate homeostasis may compensate for the negative effect of advancing age or postmenopausal period on bone mass. A further interesting finding was the lack of a positive influence of BMI expected on the bone mass of the non-diabetic women with premature menopause, as observed in both diabetic groups. It could therefore be assumed that another agent inherent in diabetic women might be responsible for the positive influence of obesity on bone mass (insulin resistance and/or hyperinsulinaemia). HbA 1c by itself, or in combination with chronological age, appears to be positively correlated with BMD of either type of bone only in the D-EMP group, despite the fact that HbA 1c levels were not remarkably abnormal. It appears that there is a positive relation between glucose levels and the protective effect of diabetes on bone mass. This is in accordance with previous investigators, who implicate insulin levels in bone mass preservation (16, 25) . The levels of insulin growth factors (IGFs) have also been implicated in these mechanisms (17) . Unfortunately, immunoreactive insulin or IGF levels were not available, so that the favourable effects of hyperglycaemia on bone mass cannot be attributed with certainty to possible concomitant hyperinsulinaemia. It should, of course, be taken into consideration that HbA 1c levels reflect glucose control of the previous 2 months only and in all probability do not accurately represent the level of glucose control over several years of active bone metabolism. A further interesting finding was the lack of any relation of bone mass to disease duration in both diabetic groups. In all likelihood this implies that diabetes has a protective rather than an anabolic effect on bone tissue. Diabetic women were included in the study, provided that the reported disease duration exceeded 3/4 of the postmenopausal period. Most of these women were not diabetic at the time of the menopause -however, impaired glucose intolerance cannot be ruled out. This subgroup of diabetic women lacked the presumed protective effect of the disease during the early postmenopausal period and the inclusion of such women in both diabetic groups probably leads to an underestimation of this favourable effect of diabetes on bone mass when compared with non-diabetic women. Unfortunately, the small number of D-EMP women who were diagnosed before their menopausal age did not allow a further investigation of this particular issue. However, despite the protective effect of diabetes on measured bone mass as proposed by this study, a similar effect on fracture risk cannot be positively suggested since fracture incidence was not monitored.
In summary, the present study indicates that diabetic women after premature menopause exhibit significantly higher BMD values compared with prematurely menopausal women without diabetes in the metabolically more active trabecular bone. The mixed bone BMD values do not differ significantly between the same groups. No significant differences were observed between the BMD values of diabetic women, either after premature or normal menopause. The diabetic state, rather than the disease duration, appears to account for the favourable influence observed on bone mass.
